Abstract. The objective of study is to investigate the absorbance and electrochemical properties of natural indigo dyes. The natural indigo dyes were extracted from Indigofera tinctoria leaves. The solution was kept in alkaline condition and the reductor used was Sodium dithionite (Na2S2O4). The absorbance and electrochemical properties were tested by ultraviolet-visible (UV-Vis) spectrophotometry, Fourier transform infrared (FTIR) spectroscopy, and cyclic voltammetry (CV). The results show that the absorbance spectrum of dyes was at a wavelength from 375 to 475. The dyes also have C=C, C-H, and C-N which important for anchoring in semiconductors. Moreover, the level energy of highest occupied molecular orbital and that of lowest unoccupied molecular orbital from indigo dyes were -4.89 eV and -4.035 eV, respectively. The findings show that the natural indigo dye has promising properties for dyeing of photo-anode in solar energy harvester.
INTRODUCTION
Dyes are basically divided into two kinds: organic dyes and synthetic dyes. Organic dyes or natural dyes are dyes that are ingredients derived from nature, whereas synthetic dyes are dyes that material derived from chemical compounds. Natural dyes unlimited availability, environmentally friendly, cheap and the process of making it very simple. While synthetic dyes are very limited, can cause environmental pollution, using some expensive metals and complicated manufacturing processes [1, 2] . Natural dyes can be obtained from the extraction of various plants, fruits, flowers, and leaves as a sensitizer molecule in the DSSC. Some of the natural pigments that are successfully used as sensitizers in DSSC include anthocyanin, chlorophyll, tannin and carotene.
Dye-sensitized solar cells (DSSC) is a device that can convert light into electricity based on the sensitization of bandgap width on semiconductors [3] . In DSSC the dye acts as a sensitizer that absorbs light on visible light areas and injects electrons. Sensitizers in DSSC are divided into two major groups namely complex metal (synthetic dyes) and organic dyes or natural dyes. The efficiency of Ruthenium-based DSSC reaches 10 -12%. While the latest data of complex metal-based DSSC efficiency was 12.3% using zinc-porphyrin as a sensitizer [4] . Moreover, DSSCs are attracting great research interests, especially how to improve performance and stability [5] .
Indigo is a natural dye produced from indigofera tinctoria plant that has been cultivated for 4000 years in China, India and Egypt for textile dyes. Indigo has a very low solubility and a high melting point of 390 -392 0 C [6] . Indigo is a group of carbonyl compounds, one of the oldest known dyes in terms of natural dyes. On the other hand, natural dyes from indigofera have better resistance [7] , when applied to the fabric than the resistance of other natural dyes. FIGURE 1. Indigo chemical structure [8] Indigo has a transplanar molecular structure as can be seen in Fig. 1 , therefore it has strong properties of hydrogen bonds between molecules. The indigo chemical structure can be realized in three positions: one end of the benzene ring (route 1), and others in the nitrogen or carbonyl group (routes 2 and 3) [8] . The most important factor in indigo color conversion is pH. Indigo dye has four different colors depending on the pH conditions. The fourth form of the structure can be seen in Fig. 2 , i.e. (i). Indigotin (very low base pH), (ii). Reduced nonionic forms (moderate / moderate pH <10.5), (iii). Mono-phenolic form (relatively higher pH 10.5-11.5), (iv). The form of bi-phenolate (very high pH> 11.5) [9] . Indigotin and reduced non ionic forms are at a pH below 9-9.5. The relative fraction depends on the appropriate pH of the solution. By increasing the pH slowly, the indigotin structure will slowly become a reduced non-ionic or mono-phenolic structure or may be a mixture of both. Then increase the pH > 10 slowly to transforms all the leuco on the reduced non ionic structure into monophenolic structure. Almost all of indigo molecules will transform to mono-phenolate structure at a pH of about 11.5. At each addition of an alkaline pH exceeding 11.5, causing indigo slowly capturing the C = O which has a lot of Na 2 S 2 O 4 , resulting in deformation of the structure of a mono-phenolic form into the shape of a biphenolic. FIGURE 2. Indigo groups with different pH conditions [9] .
METHODOLOGY
Material. The materials used are the indigo paste, water (H 2 O), quicklime (CaO) dan natrium hydrosulfite (Na 2 S 2 O 4 ). Synthesis of indigo dye. Indigo paste is dried by radiation until the water content ± 14%. The dried indigo paste is then crushed to powder and filtered with 400 mesh sizes equal to 37μm. Comparison between the solute and solvent is 1:12 means that 1 g of dry indigo powder dissolved in 12 ml of water quicklime. After the formula of solution stirred until smooth and then added 0.17 g of sodium hydrosulfite powder. The solution is stirred until the color turns yellow-greenish and ± 10 minutes to form silt. The solution is filtered using a regular filter paper to obtain a clean solution of indigo deposits. Characterization of Indigo Dyes. In this study indigo dye will be subjected to several tests as follows: 1) UVVis (Ultraviolet visible) is used for light absorption test and light intensity on the dye properties, 2) FTIR is used to detect the presence of chemical dye functions on dye, and 3) CV (Cyclic voltammetry) is used to determine the potensial energy of reduction (E reduction ) and oxidation potensial energy (E oxidation ).
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RESULT AND DISCUSSION
UV-Visible Spectra of Dyes. Fig 3 shows the uptake of light for indigo dyes. Visible light absorption area for indigo dye is at a wavelength of 375 to 475 nm. The peak of indigo dye absorption lies at a wavelength of 437 nm, while the absorption intensity is 2.6 a.u. 
Cyclic voltammetry measurements. Cyclic voltammetry is used to identify level energy in organic dyes. The energy level consists of HOMO and LUMO energy. HOMO (highest occupied molecular orbital) is an outer orbit that has a high molecular energy level that acts as an electron donor. While LUMO (lowest unoccupied molecullar orbital) is the deepest orbit that has a vacuum of electrons that act as the acceptor or receiver of electrons from HOMO energy [10] . When choosing organic dyes used for semiconductor dyes in DSSC, this is very important because to know the energy level HOMO, LUMO and bandgap obtained from the energy difference HOMO and LUMO. In Table 1 HOMO energy for indigo dye is -4.89 eV, energy LUMO -4.035 eV and bandgap energy 0.855 eV. Therefore when LUMO energy more higher from the HOMO energy is more easily to the electron dye from the HOMO energy jump to the LUMO energy. The HOMO energy level of the dye must be more positive than the redox potential of the electrolyte. Even some researchers suggest to make the energy difference between HOMO dyes with redox potentials of 0.2 -0.3 eV so that the regeneration of the dye from the electrolyte goes efficiently [11, 12] . Likewise, the LUMO energy level of the dye must be more negative than the potential energy of the conduction band of the semiconductor in order for the electron injection to proceed properly [12] . Therefore, the HOMO and LUMO energy level can not be detected only from the dye [13] but also must be adjusted according to the energy level of the semiconductor and the electrolyte.
CONCLUSIONS
Indigo dye was successfully made from the dry paste of indigofera tinctoria plant using hydrosulfite reducing method (Na 2 S 2 O 4 ). From the FTIR (Fourier transform infrared spectroscopy) testing of indigo dyes there are C = C, -CH, and CN groups where the absorption peaks occur in 3200-3600 cm 
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